| INTRODUCTION
The high level of geographical variation and inequality in diabetes outcomes for children and young people in the UK is an increasing public health and clinical concern. 1, 2 It is unclear whether this variation reflects sociodemographic differences in populations or reflects variation in healthcare provision, or both.
Socioeconomic deprivation has been identified as a predictor of poor glycaemic control in a number of studies, 3-8 although others do not report an association, 9, 10 including large population-based studies. 11 Ethnicity is a strong predictor of diabetes control; in the 2011-2012, National Paediatric Diabetes Audit for England and Wales, young people of black ethnicity were less likely to achieve diabetes control targets [HbA 1c < 58 mmol/mol (7.5%)] than white young people. 12 A number of other studies have suggested that black and minority ethnicity (BME) young people have poorer HbA 1c outcomes, [4] [5] [6] 8, 10 but it remains unclear whether this largely reflects deprivation in BME groups 10 or whether non-white ethnicity confers some disadvantage over and above deprivation. 13 One postulated mechanism for deprivation or ethnicity to impact upon glycaemic control is through low access to intensive insulin therapies, with evidence that both non-white ethnicity 10 and deprivation 8 are associated with poorer initiation of insulin pump therapy. As insulin pump use remains highly variable in the UK, access to pump therapy may be a potent source of unwarranted healthcare related variation in HbA 1c outcomes.
Studies have thus far been cross-sectional or short-term, 4 and
have not examined the independent contributions of ethnicity, deprivation, and healthcare factors to variation in glycaemic control. None have used developmental trajectory analyses to examine the impacts of these factors on the development of inequalities in HbA 1c from childhood through adolescence.
The increase in HbA 1c from childhood to adolescence in type 1 diabetes (T1D) is well described, 14, 15 and reflects the insulin insensitivity of puberty together with the psychosocial transitions of adolescence. However, there may in fact be a number of different developmental trajectories for HbA 1c from childhood through adolescence, potentially influenced by biological, social, and psychological characteristics and potentially amenable to different intervention strategies. The last 20 years has seen the rapid development of statistical methods to study developmental trajectories. 16 The first is multilevel growth models which identify average trends over time and capture individual departures from the average trend, something that standard regression models cannot. However, like standard regression models, growth models assume that individuals are drawn from the same population and that development over time can be mapped using one set of parameters. In contrast, group-based trajectory models or growth mixture models allow for the possibility that there may be different subpopulations following different developmental trajectories. 16 In diabetes, for example, clinicians might observe that some adolescents keep good control throughout the teenage years while in others control deteriorates markedly. However, this issue has previously been difficult to study. A very small number of studies have begun to apply these methods to study the effects of psychosocial characteristics on developmental trajectories in HbA 1c . [17] [18] [19] The effects of ethnicity, deprivation, initiation of insulin pump, and health service use on HbA 1c trajectories have not been studied.
We used a large longitudinal dataset from a high performing regional specialist child and adolescent diabetes clinic which draws patients from across much of south-east England. We first used multilevel models for change to examine the influence of deprivation, ethnicity, initiation of insulin pump use, and health service use on the average HbA 1c trajectory from childhood through adolescence. We then used growth mixture models to assess whether there were identifiable discrete trajectories of HbA 1c change in the sample, and examine whether deprivation, ethnicity, insulin pump use, and health service use influenced trajectory membership. Socioeconomic status measured using the UK index of multiple deprivation (IMD) 2010, which provides a relative measure of deprivation across seven domains for small areas in England. IMD rank scores were assigned to quintiles using national thresholds, with 5 being the least deprived and 1 being the most deprived. 20 For the growth mixture models, a binary measure was used taking deprivation to be the most deprived (first) quintile.
| METHODS
Treatment type (number of insulin injections or CSII use) was recorded at each time point. For analysis, treatment was classified as CSII or injection regimens due to very low numbers in our clinic using <4 injections per day. For each individual using CSII, the date of initiation of CSII was the first point at which the patient was coded as being on a CSII regimen.
We used the annual number of clinic visits where an 
| Analyses
To assess average growth trajectories across the sample, following
Singer and Willett, 21 we constructed a series of multilevel models for change using the xtmixed commands in Stata 13. We began with unadjusted growth models using age as the temporal metric. Age was centred on age 9 for analyses. We then tested the association of demographic factors such as sex and duration of diabetes in the models. We then sequentially added our hypothesised predictors using Growth mixture modelling was undertaken using the mixture commands in MPlus 7.1 (www.statmodel.com). Models used maximum likelihood estimation with robust standard errors to account for missing data, with 500 random starts used in each model for maximum likelihood optimization; this was sufficient in all models to replicate the best log-likelihood ratio. We began with a single trajectory model and sequentially increased trajectory number, assessing model fit at each step using the AIC, sample adjusted BIC, entropy, and the Vuong-Lo-Mendell-Rubin test. The latter was used to test fit with k classes compared to a model with k − 1 classes; a P value < .05 rejects the k − 1 class model in favour of the k-class model. 22 As suggested by the literature, we judged the best model on the basis of clinical plausibility and model fit criteria. 16 Having identified the best mixture model, we then examined the effects of our hypothesised predictors on an individual's likelihood of belonging to one of the trajectory classes using the mixture commands in MPlus. There were no differences between sexes in ethnicity, treatment regimen, or deprivation. Deprivation and ethnicity were strongly associated with regimen. Ninety-two percent (n = 11) of those using twice daily insulin and 52.2% (82) of those using MDI were in the most deprived population quintile compared with 18.4% (38) of those using CSII (P < .0001). 23.7% (40) of those using injection regimens were non "white/British" compared with 6.3% (13) of those using CSII (P < .0001). Sequential multilevel models for change in HbA 1c with increasing age from 9 to 18 years are shown in shown here only in NGSP units (%) as these were the units in which the models were run.
| RESULTS

| Multilevel growth models
main effect for CSII but no significant interaction of CSII and age. Table 3 shows sequential growth mixture models for change in We then examined which factors predicted an individual's membership of the HbA 1c trajectory classes in the final 4 class mixture (Table 4) . Sex and duration did not predict trajectory membership.
| Growth mixture models
The best model included deprivation, ethnicity, visits, and CSII use, however regimen became the only significant predictor in the model with the effects of deprivation, ethnicity, and visits all attenuated.
CSII use was associated with protection against being in all other trajectory groups compared with being in the Good Control group.
| DISCUSSION
We found that ethnicity, frequency of health service use, and insulin pump use influenced the average trajectory of HbA 1c across adolescence and that insulin regimen influenced an individual's pattern of HbA 1c change across adolescence.
The average trajectory for HbA 1c was to increase across early adolescence to a peak in late adolescence and decrease thereafter.
We found that deprivation had no effect on HbA 1c when insulin regimen was introduced into the model, suggesting that the mechanism by which deprivation influences glycaemic control in our sample is through poor access to intensive insulin therapies. In contrast, non- Taken together, these growth and mixture models suggest that access to CSII is the strongest predictor of HbA 1c across adolescence.
CSII initiation was associated with a fall in HbA 1c that was maintained across adolescence, and CSII was protective against being in trajectories of deteriorating HbA 1c across adolescence. Poor control: 8.8%
Rapidly deteriorating control : 6.5%
Deteriorating control: 39.6%
Good control: 45.1% FIGURE 1 Graphical representation of the four-class mixture model for HbA 1c trajectories from age 9 to 17 years.
| Comparison with the literature
Our study is unique in studying longitudinal predictors of glycaemic trajectories in UK children and adolescents and in modelling the independent effects of deprivation, ethnicity, insulin regimen, and health service use.
Studies from the USA, New Zealand, and Denmark each reported an association between minority ethnicity and poorer HbA 1c over time, 4, 13, 23 although associations with deprivation were inconsistent.
Little data are available on the impact of insulin regimen intensification on the association of ethnicity and diabetes control. In an observational study of insulin intensification in one London clinic, intensification appeared to benefit white young people the most, with little benefit for ethnic minority groups. 24 The few previous studies of trajectories of diabetes control across adolescence have all been small US studies drawn from largely white high socioeconomic status research samples and focused on psycho- culture. Whilst we used best available methods to identify trajectory groups in the mixture modelling, it is important to recognise that mixture modelling is an exploratory technique and it is possible that chance relationships in our data may influence trajectory group findings. 26 However, the trajectory groups we identified were similar to those found in other studies and were clinically plausible.
| Conclusions
Change in HbA 1c across adolescence is influenced by ethnicity, insulin regimen, and health service use. Deprivation influences glycaemic control largely through poor access to intensive insulin therapies.
Increasing uptake of insulin pump use and ensuring access to health services are likely to be the most effective means of reducing inequalities in outcomes of T1D in children and young people.
Funding information
No specific funding obtained for these analyses.
